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PROTEIN VALUES AND NETWORK ANALYSIS 

 As described in the manuscript, the protein measurements were conducted in two phases in 

FHS. Median intra-assay coefficients of variation (CVs) were 5.2% in Phase 1 and 3.6% in Phase 

2; median intrassay CVs were 11.8% in phase 1 and 7.5% in phase 2, and the median interclass 

correlation in the FHS Offspring Cohort samples was >95% [1]. The 1,913 samples from which 

the CV values were calculated include a small number of participants (<3%) who were excluded 

from our analysis because they did not consent to genotyping. 

 

Constructing the protein networks 

 Protein values were log-transformed and standardized within each phase, then pooled and 

normalized to means of 0 and standard deviations of 1 using Blom rank-based inverse normal 

transformations to reduce the potential for outsize effects of outliers on network construction and 

regression coefficients [2]. Due to significant between-plate differences in means as assessed by 

Welch’s ANOVA, we regressed the values on plate ID using linear regression models to adjust 

for these batch effects, and residuals from these models were used in the protein network 

analysis. 

 To build a protein network, we calculated Pearson correlations between pairs of proteins in 

each of the two samples from the two phases of protein assays. Correlation matrices from Phases 

1 and 2 were combined by calculating weighted averages of correlation coefficients from the two 

phases. We then used with default parameters to construct networks based on the combined 

correlation matrix. WGCNA uses hierarchical clustering to group proteins into modules based on 

the correlation of their expression [3]. We chose an unsigned approach to recognize biologically 

plausible ways by which an increase in one protein may correlate with an increase or a decrease 

in another, as in positive or negative regulation within signaling pathways. To choose the beta 

parameter for the model, we used the pickSoftThreshold function in the WGCNA R package to 

identify the lowest beta value for which the scale-free topology fit R2 exceeded 0.8, which for 

this analysis was β=2. This analysis led to the identification of four modules (Supplementary 



Figure 1A). We used the STRING (11.5) database with default parameters and hypergeometric 

tests with a significance threshold of p<0.05 to identify overrepresented Kyoto Encyclopedia of 

Genes and Genomes (KEGG) pathways, Gene Ontology Process, Function, and Component 

annotations, Reactome pathways and Wikipathways among proteins in modules of interest [4]. 

 

Eigenproteins 

 For each module of proteins identified in the network analysis, we calculated a numerical 

summary measure called an “eigenprotein,” which has a single value for each participant. 

Similar to an eigengene [5], the eigenprotein is a weighted sum of the concentrations of proteins 

in a module for a given person. The weights used to calculate these eigenproteins were the 

coefficients of the first principal component of the proteins in each module (Supplementary 

Figure 1B). 

 

Multiple testing considerations 

 For the analyses between modules and outcomes, we employed a Bonferroni correction to the 

resulting p-values (i.e., multiplying by four up to a value of 1.0), to control the family-wise error 

rate (FWER) for testing of the four modules with a given outcome. For the individual protein 

analyses, we chose to instead control the false discovery rate (FDR) rather than the FWER, and 

chose a cutoff value of 0.10, so as to avoid being overly conservative in our corrections and 

substantially decrease our statistical power for these analyses [6]. 

 

THE CHS COHORT 

 The CHS is a population-based, longitudinal cohort of 5,888 men and women aged 65 years 

or older at enrollment [7]. In year 2 of the study (1989-1990), 5,201 participants were recruited 

from four communities: Forsyth County, North Carolina; Washington County, Maryland; 

Sacramento County, California; and Pittsburgh, Pennsylvania. In year 5, an additional cohort of 

687 predominantly African American participants was added. Examinations were performed at 

baseline and repeated annually until 1999 and included measures of subclinical disease and risk 

factors for cardiovascular outcomes. Institutional review boards at the University of Washington 

and at each study sites approved the study. All CHS participants provided written informed 

consent. 



Proteomic analysis 

 Blood samples were drawn from all participants at their baseline examination and during 

follow-up clinic visits. Between enrollment and 1998-99, participants were seen in the clinic 

annually, and contacted by phone at 6-month intervals to collect information about 

hospitalizations and potential cardiovascular events. Participants with previously unthawed 

plasma blood samples from the 1992-3 clinic visit were included for proteomics analysis, which 

was conducted using the SomaScan 5k platform.  

 

Dementia adjudication 

 A committee of neurologists and psychiatrists used Diagnostic and Statistical Manual of 

Mental Disorders (DSM-IV) criteria to adjudicate dementia prior to 1998-1999 using 

neuropsychological and neurological examinations, medical records, physician questionnaires, 

and informant interviews [8-10].  

 

Cranial MRI 

 Cranial MRI scans were performed in CHS, as described previously [11, 12]. As described 

previously, neuroradiologists reviewed the MRI scans with a standardized protocol. Volumetric 

assessments were performed in the higher resolution images of the follow-up scans using 

FreeSurfer software. Briefly, T1-weighted images were reformatted to 1x1x1 mm3 voxels, and a 

surface-based reconstruction of brain was generated, which included the hippocampus and WMH 

on T1-weighted sequences, which strongly correlates with WMH on FLAIR sequences. 

 

Proteome network analysis replication methods in CHS cohort 

 In pursuit of replicating the protein network analysis in CHS, we used the modules and 

corresponding protein weights generated from FHS data and calculated the corresponding 

eigenproteins in the CHS cohort as the weighted sum of the Blom inverse-rank normalized 

protein concentrations. We fit separate linear regression models to measure the association 

between M2 and M4 with total brain volume, and we fit separate Cox proportional hazards 

models to measure the associations between M2 and M4 with incident dementia and incident 

clinical AD. In all models, we adjusted for the same sets of covariates in the CHS analyses as in 

the FHS analyses.   



Supplementary Figure 1A. Dendrogram of proteins and modules from WGCNA procedure. 
 

 
 
  



Supplementary Figure 1B. Membership (weights) of proteins in each eigenprotein. 
 

 
 
Values represent the correlation of each protein with the first principal component of the given 
module. Only proteins in one of M1-M4 are included.  
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